Introduction: Electrocardiogram (ECG) abnormalities in patients with blunt chest trauma are diverse and non-specific, but may be indicative of potentially life-threatening conditions.
Introduction
When an electrocardiogram (ECG) is obtained during the diagnostic processing and evaluation of a trauma patient (as in the present case), it is important to realize that ECG findings in patients with cardiac trauma are diverse and non-specific. These findings may be non-specific ST-segment or T-wave changes, axis deviation and dysrhythmias, such as premature atrial contractions, bundle branch blocks and ventricular fibrillation [1] . Diagnostic considerations in a patient with blunt chest trauma and ECG abnormalities include, amongst others, myocardial contusion and myocardial ischaemia. Other causes involve the presence of air in thoracic structures that do not normally contain air, for example pneumothorax, pneumomediastinum and pneumopericardium. These options are discussed in a stepwise manner and related to the patient in this case report.
Case presentation
A 22-year-old male, with no previous medical history, was admitted to the intensive care unit (ICU) at our hospital with blunt thoracic trauma and near-drowning after a high-energy trauma. The man had been driving a car when, for no apparent reason, he lost control and drove into a ditch filled with water.
The patient consequently aspirated water, but managed to reach solid ground. He was transported by ambulance to the hospital emergency unit, where he was found to be in respiratory failure, probably as a result of severe lung contusion. He was subsequently intubated and mechanically ventilated. During the first few days of admission, pressure-controlled ventilation was used with relatively high ventilator settings. During the first hours after admission these settings were a positive end-expiratory pressure level of 18 cm H 2 O, inspiratory pressure level of 13 cm H 2 O, a fractional inspired oxygen level of 60% and a respiration frequency of 30 cycles per minute. No recruitment manoeuvre was performed. A central venous line was inserted into the right femoral vein. Other than fractures of the left clavicle and superficial haematomas, there were no abnormalities on physical examination of the thorax. In particular, no asymmetrical pulmonary auscultation, subcutaneous emphysema or abnormal heart sounds were present. Chest radiography and a 12-lead ECG were performed on admission (Figure 1) . No significant abnormalities were observed at the time, but shortly thereafter the ECG showed ST-depression in leads II, III, aVF and V3 and V4. No major haemodynamic problems occurred, and the creatine phosphokinase and accessory MB-fraction indicated only a loss of skeletal muscle. However, extreme ECG abnormalities developed during the following hours (Figure 2 and 3) . CT scanning of the thorax, performed approximately 12 hours after admission, showed a pneumopericardium, as well as pneumomediastinum and bilateral pneumothorax ( Figure 4 ). Severe lung contusion and haematothorax were also apparent on these images.
Transoesophageal echocardiography (TEE) was performed after transthoracic echocardiography had failed to deliver the required image quality. TEE did not identify any wall motion abnormalities, and the accident appeared to have had no abdominal or cerebral repercussions.
Both the pneumothorax and pneumopericardium resolved after the insertion of a left-sided chest tube. The right-sided pneumothorax resolved spontaneously, after which the patient made a rapid recovery and was discharged from the ICU on day 5. He was discharged from hospital five days later, having made a complete recovery.
Discussion
In this case, a likely differential diagnosis was myocardial contusion, which has a broad variety of presenting symptoms, the most frequent being precordial pain which is not relieved by analgesia. In addition to ECG changes, other findings include dyspnoea, pericardial friction rub, pulmonary rales and an elevated central venous pressure. This complex of symptoms may mimic those of acute coronary syndrome, although symptoms may also be completely absent. Myocardial contusion can be diagnosed using echocardiography, as this imaging modality visualizes the actual contusion as well as changes in cardiac chamber size, wall motion abnormalities and the presence of cardiac tamponade [2] . Echocardiography was performed on this patient after pneumopericardium had been diagnosed. Although cardiac contusion might easily have coexisted, none of the aforementioned abnormalities were seen. In such a situation it is important to recognize the inferior diagnostic quality of transthoracic echocardiography compared with TEE. Acute coronary syndrome was unlikely to occur in this patient because he was young and had no predisposing medical history, such as angina [1] . However, even in young people traumatic myocardial infarctions have been reported that can result from acute thrombotic coronary occlusion, intimal tears and vessel rupture [3] . As mentioned above, the cardiac enzyme profile indicated a loss of skeletal muscle, with serial measurements of CK and accessory MB-fraction showing peak levels of 2,600 and 29 U/l, respectively. Unfortunately, the level of troponins, which has been shown to be more useful in detecting myocardial injury than CK and CKMB over the past decade, was not measured [4] . Nonetheless, it was concluded that significant myocardial contusion or infarction was highly unlikely.
ECG performed on admission
The presence of extraluminal air is a frequent complication in cases of blunt thoracic trauma, because the differing electrophysiological behaviour of air can cause the ECG to change frequently. The incidence of pneumothorax in this population is approximately 40%, while that of pneumomediastinum may be as high as 10% (see [5, 6] ). Pneumopericardium, however, is rare and, to the best of the authors' knowledge, no incidence rates have been recorded. Neither have any clinical trials been conducted on trauma patients in which this pathological entity is described.
Traumatic rupture or penetration of the alveoli, pleurae and/or thoracic wall by fractured ribs may result in pneumothorax. In addition, tracheobronchial tears may cause pneumothorax, as well as pneumomediastinum, although this depends on the localisation of the lesion with respect to the position of the pulmonary ligament. Pneumothorax or pneumomediastinum occurs when the lesion lies distal or medial, respectively, to the pulmonary ligament. Other conditions that may lead to pneumomediastinum include oesophageal disruption and direct communication of the mediastinum with the pneumothorax. However, in the majority of cases pneumomediastinum results from alveolar rupture and/or positivepressure mechanical ventilation. Initially, air leaks from the lumen of the lung and then travels along the peribronchovascular sheaths, dissecting in a medial direction and resulting in mediastinal air. This mechanism, which is known as the Macklin effect, was first described more than 65 years ago [6, 7] . In the event of pneumopericardium, the Macklin effect is once again the major cause, although higher intrathoracic pressures are required; however, as these conditions share aetiology, it is not surprising that high intrathoracic pressures are often accompanied by pneumomediastinum. It is most likely that air enters the pericardial sac along the venous sheaths, where the collagenous support of the pericardial reflections is weaker [8] . Understandably, it may take some time for a clinically relevant pneumopericardium or pneumomediastinum to be revealed. The pericardial space may also be connected directly to pleural or tracheobronchial gases as a consequence of pericardial tear.
Brander et al. [9] reviewed previous reports on pneumopericardium which described symptoms such as chest pain, dyspnoea, palpitations, distant heart sounds, shifting precordial tympani, mill wheel murmur and different ECG findings such as ST depression/elevation, T-wave inversion and low voltages. However, as these authors stated, none of these was specific [9] .
Options for the diagnosis of pneumopericardium, pneumothorax and pneumomediastinum include plain chest radiography, ultrasound and CT scanning. In trauma patients (such as the case reported here), CT scanning is the most appropriate imaging modality. Previous reports have described pneumopericardium in very diverse circumstances such as laparoscopy, in fistula formation between the oesophagus or bronchus owing to cancer or ulceration, in barotrauma in women who are in labour or during delivery, and in purulent pericarditis [9] . Imaging modalities other than CT scanning may be more appropriate, depending on the individual case.
Pneumopericardium is usually self-limiting and resolves spontaneously, but may require intervention such as drainage of the accompanying pneumothorax. Notably, complications such as tension pneumopericardium are described in up to 37% of reported cases. In this situation a pressurized compartment is created by the one-way valve principle, and possibly worsened by mechanical ventilation. This in turn may lead to a life-threatening cardiac tamponade, requiring emergency pericardiocentesis or surgery [10] .
In the reported patient, the ECG changes occurred after emergency department evaluation and ICU admittance. No abnormalities were seen on plain chest radiography taken on admission, while CT scanning revealed pneumothorax, pneumomediastinum and pneumopericardium. These three entities, but predominantly pneumopericardium, are the most likely explanation for the extreme ECG changes. Pneumopericardium and pneumomediastinum most likely occurred at the trauma and worsened during mechanical ventilation, as the ECG abnormalities became more impressive as time progressed, and high-pressure mechanical ventilation was used. There was no indication for the presence of tension pneumopericardium, as no major haemodynamic problems had occurred. Drainage of the pneumothorax led to a resolution of the pneumopericardium and pneumomediastinum, which in turn resulted in a rapid normalisation of the ECG. High-energy blunt chest trauma with bone fractures should heighten the suspicion of intrathoracic organ lesions. CT scanning is the preferred imaging modality in trauma patients, and should be performed at an early stage to exclude pneumothorax, pneumomediastinum, pneumopericardium, haematothorax and lesions of any intrathoracic structures such as aortic dissection. However, as many of these entities may develop and become clinically relevant within a few hours of the initial trauma, it is important to perform regular reassessments. ECG is a primary aid in this process as it not only assists in indicating ischaemic and traumatic myocardial damage but also identifies potentially life-threatening conditions such as pneumothorax, pneumomediastinum and pneumopericardium.
Conclusion
This report describes a rare case of pneumopericardium with extreme ECG abnormalities after blunt chest trauma. This condition should be distinguished from other pathologies such as myocardial contusion and myocardial infarction because of the possible development of tension pneumopericardium. Early CT scanning and frequent clinical reassessments are important in the evaluation of blunt chest trauma.
